Household food consumption surveys indicate that the diet in Kenya is ill balanced and that many families cannot afford nutrient-rich foods such as meat and fruits. In this regard, rural populations-the majority of the Kenyan population-are much worse off than urban populations. Agriculture, the most important sector in the Kenyan economy, contributes 27% of the gross domestic product and generates 65% of the country's export earnings. Food-enhancing biotechnologies thus could increase national food yields and fill nutrition gaps by contributing to household and national food security and poverty reduction in Kenya. To overcome barriers to adopting biotechnology to improve food crops in Kenya and elsewhere in Africa, policy makers must create a receptive environment for, increase public understanding of, and stimulate investment in the new technology.
cultural productivity
In Kenya, cereals are the main source of energy, providing almost 60% of needed calories. Other main sources are bananas and tubers. The consumption of sugar and of fats and oils is negligible from the point of view of calorie sources. Caloric need is met in approximately half of Kenyan families, with considerable variation according to the area and season of the year. The caloric supply is often poorest in eastern Kenya, and famine relief is commonly undertaken in the area. Pastoralists generally have a lower calorie intake than does the sedentary population. The quantity of animal and plant protein consumed varies according to household income. Where pulses grow, consumption is often adequate to meet the protein needs of households. The intake of animal protein also varies according to family income and usually contributes 0.5% to 10% of the total protein consumed. For the population around Lake Victoria, 25% to 33% of the protein supply often is from fish. The quality of protein, expressed as protein score, is generally below 65%.
The limiting amino acids are tryptophan and those containing sulfur. The sources of riboflavin and amino acids include cereals, legumes, and fruits, the intake of which is low in all areas. The main sources of vitamin A are green vegetables, pumpkin, tomato, yellow fruits, and milk in pastoral tribes. The intake of vitamin A is estimated to be insufficient (about 30% of the recommended amounts in all areas). Niacin is obtained mainly from maize, which provides an insufficient supply to some families. The sources of vitamin C are mainly fruits and vegetables, and intakes are low in many Kenyan families. Thiamine is obtained through the consumption of cereals and legumes, and intakes are above recommended allowances in all areas. Judging from the composition of the diet, the intake of cobalamin is probably below the daily recommended allowances. Food sources of iron include cereals, legumes, and leafy vegetables.
Data from household food consumption surveys carried out in seven locations in Kenya (three provinces), excluding pastoral areas, show that the Kenyan diet is insufficient in many respects: it does not supply nutrients in the required amounts and thus is ill balanced. There are also concerns with the nutritive value of diets, because many families cannot afford meat, fruits, and other nutrient-rich foods, particularly in rural areas; thus, a good number of these families, who constitute the majority of the population, are much worse off than those in urban populations. Dietary assessment reports show that Kenyan diets are lacking in adequate energy intakes for preschool-age children, school-age children, and adult women. Intakes of other nutrients are marginal or low for most age groups, except for ascorbic acid and thiamine.
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Nutrition-related diseases prevalent in Kenya
Because of these nutritional deficiencies, Kenyan children are affected by a number of nutrition-related disorders. Protein-energy malnutrition is largely responsible for the high rate of mortality and morbidity in poor children, and the problem is particularly severe in children between one and five years of age. Severe protein-energy malnutrition in children manifests as marasmus, often in newborns to one-year-olds, with marked emaciation as the striking feature. Severe protein malnutrition manifests as kwashiorkor, which may coexist with marasmus, but which usually appears at the time of weaning. Marked swelling (edema) from the lack of protein, especially of the face, abdomen, and feet, is the main feature of kwashiorkor. Both conditions-marasmus and kwashiorkor-are also characterized by stunting, diarrhea, discoloration and sparseness of the hair, discoloration and peeling of the skin, and anemia, although all of these symptoms may not be present in every case.
Vitamin A deficiency is common during the period of rapid growth. In mild forms of the deficiency, the eye conjunctiva may show a muddy discoloration. Instead of being moist and glistening, the conjunctiva may appear dry and lusterless. A characteristic feature is that at dusk the child gropes about for food on its plate. This condition is described as night-blindness, and it can be easily treated if diagnosed at this stage. In more severe forms, the cornea loses its transparency. Still later, the cornea becomes eroded, softens, and bulges. In the final stages, the cornea is ruptured and destroyed, and the lens inside may also be lost. Once the cornea is affected, even the most energetic treatment is of no avail, and permanent blindness cannot be prevented. The disease generally affects both eyes. In some fortunate children, one eye may be affected less seriously than the other, and intensive treatment may result in partial restoration of vision in at least one eye.
One of the common nutritional disorders affecting women of childbearing age in Kenya is anemia, in most cases caused by iron deficiency resulting from malaria, parasitic diseases, or other factors or conditions. Pregnancy aggravates anemia in women, and anemia in turn may deleteriously affect the course of pregnancy. Acting either directly or indirectly, anemia is a major cause of maternal mortality in Kenya. Anemia can be prevented by consuming such foodstuffs as green leafy vegetables daily.
Other food deficiency diseases include those resulting from inadequate intakes of the B-complex vitamins. For example, nicotinic acid deficiency leads to pellagra, a disease characterized by dermatitis in skin exposed to the sun. Other manifestations include diarrhea, soreness of the tongue, and some mental disorders. Foods rich in B vitamins prevent pellagra. Whole cereals and millets such as wheat, pulses, nuts, and oilseeds are rich in riboflavin and folic acid. Rice poses some Bcomplex nutrition problems because its nutrient-rich husk must be removed before consumption. Parboiled rice is particularly rich in thiamine, even after milling, so it would be better for rice-eating people to cook and consume parboiled rice instead of raw rice. However, in Kenya rice is not a staple food, so problems of vitamin B deficiencies are not prevalent.
Endemic goiter was found in about 30% of 28,520 schoolchildren studied between 1962 and 1964. The highland provinces of Central, Nyanza, Western, and Rift Valley are expected to have a higher incidence than the Eastern and Coast provinces. There is no doubt that increased iodine intake can counterbalance the goitrogenic effect of thiocyanates and perchlorates, but the action of thiocarbamide derivatives cannot be prevented by iodine.
Constraints to agricultural productivity
Agriculture is the largest and most important sector in Kenya's economy, providing the backbone of the nutritional and economic well-being of the people. Agriculture contributes approximately 27% of the gross domestic product and generates about 65% of all export earnings for the country. The agricultural sector employs more than 80% of the rural population. Several studies have shown that it is the most productive sector in Kenya for investment purposes, having a growth multiplier effect of 1.64, compared with an average of 1.23 for the rest of the economy. Agricultural productivity is critical to Kenya's economic performance and the improvement of the welfare of her people.
Despite the importance of the agricultural sector, its performance in the past 10 years has been disappointing. Although increased productivity is urgently required to meet the needs of an additional 10 million people in the next 25 years, Kenya's agricultural production remains uncertain and precarious. The growth rate of the agricultural sector has declined since 1989, and at this time the rate is declining.
The stagnation of agriculture in Kenya is due to many factors, including the following: » Because of previous divisions of the family holdings, there is not enough land to produce minimal food requirements. » The transition period from a subsistence economy to a monetary economy has not yet established an intensive exchange of goods and trade. The production for market is small, the farmer lacks cash, and there is little stimulus to produce more than the family needs. » The slow acceptance of effective agricultural methods is facilitated by illiteracy, mainly in the older generation.
Food biotechnology and nutrition in Africa » The production of food crops in some areas is dominated by monoculture (maize, beans, cassava, and bananas), which restricts the exchange of products and their conversion into money and conserves the monotony and unhealthy composition of the diet. » The production of animal protein among the cultivators is limited, although there are unused reserves. The cultivation of good breeds of cattle, the exploitation of fish resources, and the breeding of small domestic animals (poultry, rabbits, etc.) are practiced at very low levels.
Other considerations that are constraining Kenyan, as well as African, agricultural performance include a shortage of arable land, inadequate rainfall, poor soil fertility, pests and diseases, and a poor technological base.
Food-enhancing biotechnologies can provide opportunities for increasing national food yields and filling nutritional gaps, thereby contributing to household and national food security and even poverty reduction in Kenya. For example, a sweet potato that is resistant to a common viral disease is being field tested in Kenya. The viral infection causes a 20% to 80% crop loss. The biotechnology-derived crop should provide larger yields (at least a 15% increase) of this nutrientrich food. The expected increase in farmer income is US$41 million annually, with up to one million people having access to the crop. The vitamin A content of these sweet potatoes may also be increased through genetic modification.* African countries have started investing in biotechnology research and development in the past few years. Public research institutions are already involved in projects and programs to develop specific agricultural biotechnology farm products, some of which are beginning to enter the commercial market. However, the nature of activities and levels of investment in the technology varies from one country to another and from one sector to another.
African countries can be categorized into three phases of biotechnology development. The first category consists of those that are generating and commercializing biotechnology products and services using third-generation techniques of genetic engineering (i.e., using genetically modified organisms, or GMOs). Only South Africa belongs to this category at the moment. The second category consists of those that are engaged in third-generation biotechnology development but have no products yet, such as Kenya, Egypt, Zimbabwe, and Mauritius. The third category constitutes countries engaged in second-generation biotechnology, mainly tissue culture. The majority of African countries are in this category.
Barriers to the development of biotechnology in Africa
Major constraints hinder biotechnology development in Africa. What is needed is a policy environment that encourages biotechnology development, an educational effort to improve understanding of biotechnology, and policies to stimulate investment in biotechnology.
A major challenge for most African countries is how to create a positive, receptive environment to actively take advantage of biotechnology processes and applications that will increase the marginal productivity of their capital stock without compromising the health and environmental needs of society. There is an urgent need to create an enabling policy environment for the development and use of biotechnology in Africa that addresses the concerns of producers, consumers, environmentalists, trades, and others.
Producer concerns in Africa relate to the effects of inserted genes on target production constraints, costs of inputs, increased yields, and safe handling and marketing of their products. Knowledge of these issues is needed through appropriate education based on case studies.
Consumer concerns include product safety (specifically allergenicity toxicity concerns), antibiotic resistance, and cost. There is a need to train and educate consumers on the benefits and limitations of biotechnology and to strengthen biosafety systems, i.e., make them transparent and protective of the consumer. About 90% of the population in Africa have no idea how biosafety systems work, much less whether they are truly protective and provide safety assurance.
With regard to environmental risks, the major concerns are gene flow, weediness (ability to grow where not wanted) and effects on nontargets, the creation of monocultures, and impact on biodiversity. There is an urgent need for scientists in the biotechnology sector to share their knowledge and understanding of these events with environmentalists, the public, planners, and policy makers, using case studies such as those on the monarch butterfly and the grain borer to provide assurance that society and the broader environment are not put at risk by these new technologies.
Ethical issues relate to "man playing God" and to the social and cultural leanings of peoples and societies. These are not easy to handle but can still be solved through transparency-based education.
Governments, therefore, urgently need to create policies, mechanisms, and an incentive-based structure to provide insight and education to various societal groups on these issues, because they are causing apprehension and are impeding progress on biotechnology * Wambugu F. Virus resistant sweet potato project in Kenya. Presented at a conference on "Agricultural Biotechnology, the Road to Improved Nutrition and Increased Production," held at Tufts University in Boston, Mass, USA, November 1-2, 2001. development and trade in Africa.
A number of issues concern the level of public understanding of biotechnology that must be addressed for the successful application and use of biotechnology in Africa. These relate to a severe lack of understanding of the technology and its potential benefits and risks, as well as the challenges of dealing with the ethical aspects of biotechnology. This lack of public understanding of biotechnology and the issues surrounding it has resulted in negative backlash in many regions in the world, especially Europe. This backlash has resulted in selective trade barriers. In Africa, where the level of understanding of biotechnology is very low, a backlash could occur relatively easily. Such a situation can be solved through improved communication and better understanding of the scientific principles that underlie biotechnology. Public perception will determine the future of biotechnology. This is very crucial in Africa, where 96% of the population is ignorant about the technology. Negative media opinion and messages from antibiotechnology activist groups are, at the moment, working tirelessly to tilt the balance against biotech nology.
With regard to policies to stimulate investment in biotechnology, most countries in Africa, except South Africa, have no articulate national frameworks on biotechnology, so clear priorities and investment strategies are lacking. Biotechnology policies need to be based on clearly articulated national priorities and goals. In the absence of identified priorities, it is difficult for these countries to make informed, long-term policies.
Another policy issue relates to the long-and shortterm financing of biotechnology development. Most countries in Africa invest less than US$0.5 million a year in biotechnology, although South Africa and Nigeria are investing about US$300 million and US$26 million per year, respectively. The main challenge for these countries is to find investment capital to sustain basic biotechnology development to bring laboratory findings to commercial use. Government policies to stimulate venture capital, contract research, partnerships with the corporate sector, and other forms of financing are much needed.
A third category of policy issues relates to concerns of trade and intellectual property rights. Trade concerns include the labeling of GMO products. It is difficult to contemplate how smallholder farmers in Africa will grapple with the labeling of GMO agricultural products, given the complex nature of the marketing systems. In developed countries this is more feasible, because the process is well defined from the producer to the consumer. There is an urgent need to educate the public, policy makers, and regulators about concerns such as these while there is still time.
Issues of interstate and regional trade can be solved only if member countries share a common understanding of the biotechnology issues discussed in the foregoing. It is only through such common understanding that harmonization of seed sectors and biosafety regulations can be developed to foster interregional trade through economic blocs. In Africa these include the Common Market for Eastern and Southern Africa (COMESA), the Southern African Development Coordination (SADC), and the Economic Community of West African States (ECOWAS). There is a need in Africa for education and transparency to create knowledge and trust on interstate and interregional trade issues, including intellectual property rights.
